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INTRODUCTION 

It  has  been  generally  recognized  that  the  primary  object 
of  nutrition  is  to  transform  vegetable  and  mineral  matter  into 
an  edible  and  more  palatable  product  for  human  consumption  as 
economically  as  possible.   In  order  to  achieve  this  desired 
transformation,  it  might  be  assumed  that  a  ration  containing 
all  of  the  essential  food  nutrients  in  an  amount  which  would 
meet  the  minimum  nutritive  requirements  for  which  it  was  being 
fed  would  be  essential. 

Lavoisier  (iMaynard,  41),  a  French  chemist  in  the  eight- 
eenth century,  has  been  given  the  credit  for  being  the  founder 
of  the  science  of  nutrition.   It  was  due  to  his  respiratory 
experiments  that  the  chemical  basis  of  nutrition  was  estab- 
lished. Carbohydrates,  proteins,  and  fats  were  the  first  food 
nutrients  to  be  studied. 

After  the  work  of  Lavoisier,  scientific  workers  began  to 
turn  their  thoughts  to  the  chemical  differences  in  feeds  and  to 
their  relation  to  the  performance  of  the  animal.  Morrison  (4#) 
has  given  an  account  of  the  early  feeding  standards  and  dis- 
cussed their  limitations.  He  has  also  emphasized  that  feeding 
standards  are  only  approximate  guides  in  livestock  feeding. 

While  the  chemical  constituents  of  a  ration  may  be  con- 
sidered of  major  importance,  it  is  of  interest  to  note  the 
various  results  which  have  been  obtained  using  chemically  bal- 
anced rations  made  up  of  various  feeds  and  in  some  cases  chem- 
ically pure  elements.   The  term  "physical  balance"  has  been 


used  to  designate  the  concentrate-roughage  ratio  as  distin- 
guished from  chemical  balance.  This  paper  is  primarily  con- 
cerned with  the  effects  of  the  physical  balance  of  a  ration, 
that  is,  its  bulkiness  or  concentration. 

REVIEW  OF  LITERATURE 

Factors  Favoring  the  Digestion 
of  Crude  Fiber  in  Ruminants 

In  1930,  Woodman  (61)  stated  that  investigations  had 
failed  to  reveal  the  production  of  cyto-hydrolytic  enzymes  by 
the  digestive  glands  of  the  higher  animals.   However,  he 
believed  that  under  the  favorable  environmental  conditions 
provided  in  the  alimentary  canal,  the  presence  of  such  enzymes 
in  plant  materials  might  cause  the  hydrolytic  breakdown  of 
cellulose  to  cellobiose  and  glucose.  Earlier  work  by  Brown 
and  Morris  (6)  showed  that  these  plant  enzymes  became  active 
in  plants  only  during  the  process  of  germination.   During  this 
time,  the  cell  wall  of  the  endosperm  was  broken  down,  and 
nutrients  were  released  for  the  plant  embryo.  Woodman's  theory 
was  further  supported  by  the  work  of  Karrer  and  Staub  (37), 
who  isolated  cyto-hydrolytic  enzymes  from  the  stomach  contents 
of  both  cattle  and  hogs.   It  was  their  belief  that  these 
enzymes  had  entered  with  the  food. 

Levin  (39)  considered  it  probable  that  the  power  of  the 
reindeer  to  subsist  on  lichens  and  mosses  was  dependent  upon 
the  action  of  cyto-hydrolytic  enzymes  of  plant  origin,  since 


arctic  animals  were  found  to  have  few  intestinal  bacteria* 

According  to  Dukes  (23): 

The  saliva  of  the  ruminant  contains  no  amylase 
and  the  rumen  and  reticulum  add  no  secretion  to  their 
contents.   However,  it  is  known  that  a  large  number 
of  microorganisms,  both  bacteria  and  protozoa,  exist 
in  the  rumen  and  there  is  pretty  general  agreement 
that  they  are  the  main  factors  responsible  for  the 
digestion  of  carbohydrates. 

Morrison  (4#)  has  also  stated  that  the  ability  of  livestock  to 
use  the  fiber  and  pentosans  in  their  rations  was  due  to  the 
bacterial  digestion  of  these  feeds. 

Mangold  (40)  has  reported  that  the  rumen  flora  are  trans- 
mitted from  animal  to  animal  by  salivary  infection  of  the 
common  food  supply.  He  also  reported  that  while  some  species 
are  wide-spread  among  cattle  and  sheep,  a  few  animals  harbor 
most  of  the  classified  species,  and  only  a  few  species  are 
harbored  by  the  camel  and  antelope.   Hastings  (23)  stated 
that  the  rumen  microorganisms  in  young  animals  were  derived 
from  the  adults  at  the  time  of  rumen  development.  He  pointed 
out  that  the  density  of  bacteria,  expressed  by  billions,  was 
due  to  the  controlled  environment  as  to  temperature,  to  the 
buffering  effect  of  the  saliva,  to  the  arrival  at  frequent 
intervals  of  fresh  food,  to  the  constant  removal  of  the  by- 
products of  any  one  kind  of  organism  by  others  of  the  complex 
sequence  of  life,  and  through  the  removal  of  the  cells  by  the 
constant  stream  of  saliva  and  water  passing  through  the  rumen 
to  the  lower  levels  of  the  digestive  tract.  Many  other  in- 
vestigators have  reported  that  the  bacterial  action  of  the 
rumen  was  made  possible  by  the  controlled  environment.   Uoetsch 


and  Robinson  (17)  stated  that  the  chemical  reaction  of  the 
rumen  was  near  neutrality,  and  that  the  temperature  was  nearly 
constant  at  39  degrees  centigrade.  Mowry  and  Becker  (49) 
reported  that  the  hydrogen  ion  concentration  of  the  rumen 
varied  from  a  pH  of  7.6  to  a  pH  of  7.3,  while  Monroe  and 
Perkins  (47)  reported  a  somewhat  lower  pH  value  for  the  rumen 
contents,  ranging  from  a  pH  of  6.3  to  a  pH  of  7.   Hale,  Duncan, 
and  Huffman  (27)  stated  that  on  a  ration  of  alfalfa  hay  the 
pH  of  the  rumen  was  neutral  or  slightly  acid,  the  average  pH 
was  6.32,  and  the  maximum  acidity  was  reached  about  six  hours 
after  feeding.   Olson  (50)  determined  the  pH  on  the  ingesta 
of  the  rumen  obtained  from  cows,  steers,  and  aged  bulls.  Some 
of  the  animals  were  beef  strains  while  others  were  dairy  stock. 
The  carcass  grades  ranged  from  choice  to  canners.   He  reported 
that  there  were  no  significant  differences  obtained  in  the 
473  samples,  the  average  being  a  pH  of  6.359. 

Mangold  (40)  has  stated  that  the  number  of  rumen  micro- 
organisms decreased  rapidly  during  fasting  or  starvation.  He 
also  noted  that  the  same  effects  were  produced  when  hay  or 
cellulose-rich  feeds  were  excluded  from  the  ration.  Mowry 
and  Becker  (49)  reported  a  decrease  in  the  number  of  rumen 
flora  during  fasting  and  an  increase  in  the  number  of  flora 
when  grain  was  added  to  a  ration  of  hay.   Gall  and  associ- 
ates (24)  stated  that  the  bacteria  of  the  rumen  of  cattle  and 
sheep  on  winter  rations  showed  averages  of  about  50  billion 
bacteria  per  gram  of  fresh  rumen  contents.   They  also  noted 


that  both  species  gave  higher  counts  when  on  pasture.  They 
reported  that  the  only  variable  studied  which  seemed  to  influ- 
ence the  bacterial  population  was  the  ration,  and  here  changes 
in  the  flora  were  not  so  much  qualitative  as  quantitative. 
A  high  grain  ration  tended  to  increase  the  numbers  of  a  type 
of  organism  already  present  in  the  rumen,  rather  than  causing 
an  entirely  different  type  of  bacteria.  Gall  and  associ- 
ates (25)  reported  that  the  types  and  numbers  of  rumen  micro- 
organisms were  noticeably  affected  by  the  composition  of  the 
ration  and  that  these  changes  could  be  related  to  differences 
in  digestibility  of  the  ration  and  to  the  growth  responses  of 
the  animal. 

McAnally  and  Phillipson  (42)  reported  that  the  degree  of 
digestion  of  cellulose  by  the  rumen  bacteria  was  affected  by 
the  other  constituents  of  the  diet.  Tillman  and  Swift  (54) 
conducted  an  experiment  with  lambs  in  which  they  used  ammoni- 
ated  condensed  distillers  molasses  solubles,  ammoniated  cane 
molasses,  urea,  and  soybean  oil  meal  as  nitrogen  supplements 
for  a  basal  ration  containing  timothy  hay,  20.50  per  cent; 
alfalfa  hay,  20.50  per  cent;  shelled  yellow  corn,  57.50  per 
cent;  mineral  mixture,  1.45  per  cent;  vitamin  A  and  D  feeding 
oil,  0.05  per  cent.   They  stated  that  there  was  no  significant 
difference  in  the  digestion  of  crude  fiber  from  the  different 
rations. 

Burroughs  and  co-workers  (3)  reported  that  as  little  as 
four  or  five  per  cent  protein  in  a  ration  is  ample  for  good 


digestion.   However,  it  was  pointed  out  that  this  small  amount 
of  protein  was  not  enough  to  meet  the  requirements  of  the 
animal  body.  This  protein  requirement  for  roughage  digestion 
is  the  protein  or  nitrogen  requirements  for  rumen  bacterial 
growth.   They  stated  that  the  protein  requirement  apparently 
decreased  as  starch  or  starchy  grains  were  reduced  in  the 
ration.  When  sufficient  protein  was  fed  and  roughage  digestion 
was  good,  satisfactory  numbers  of  rumen  bacteria  were  present 
and  the  predominating  types  differed  morphologically  and  cul- 
turally from  those  found  when  roughage  digestion  was  poor. 
Burroughs  and  associates  (7)  proposed: 

...that  rumen  microorganisms  have  three  general 
nutrient  requirements.   The  first  relates  to  energy, 
the  second  to  protein  and  its  elements,  such  as 
nitrogen,  and  the  third  relates  to  inorganic  con- 
stituents involved  in  enzymes  or  enzyme  systems  of 
rumen  microorganisms. 

They  stated  that  the  strongest  evidence  supporting  their  theory 
was  the  fact  that  rumen  microorganisms  could  utilize  as  much 
ammonia  from  urea  alone  as  could  be  utilized  from  urea  in  the 
presence  of  any  conventional  protein.   In  their  experiments, 
the  major  interest  of  rumen  microorganisms  in  proteins  appeared 
to  be  that  of  energy  instead  of  ammonia. 

In  an  in  vitro  study  of  rumen  microorganisms,  Arias  and 
co-workers  (1)  found  that  the  utilization  of  urea  could  be 
increased  by  increasing  the  energy  content  of  the  ration.   They 
also  stated  that  small  amounts  of  readily  available  carbo- 
hydrates aided  cellulose  digestion,  which  in  turn  increased 


urea  utilization,  whereas  large  amounts  of  such  materials 
inhibited  cellulose  digestion. 

Burroughs  and  co-workers  (10)  stated  that  while  many 
feeds  increased  cellulose  digestion,  meat  scraps,  fish  meal, 
liver  meal,  and  oats  showed  little  or  no  favorable  influence. 
Burroughs  and  associates  (9)  also  stated  that  apparently  rumen 
microorganisms  required  varying  amounts  of  a  large  number  of 
the  mineral  elements.  Huffman  and  Swigle  (34)  reported  that 
cobalt  given  orally  had  a  much  greater  effect  on  the  animal 
than  when  it  was  injected  into  the  veins.   They  believed  that 
the  cobalt  was  used  to  balance  the  rations  of  the  rumen  biota. 
Burroughs  and  associates  (9)  stated  that  the  discovery,  in 
which  various  minerals  were  found  to  be  essential  to  the  biota 
of  the  rumen,  was  in  keeping  with  the  stimulating  effects 
produced  by  the  complex  mineral  assortment  found  in  the  ashes 
of  plants  or  plant  products. 

According  to  Huffman  (33),  the  ruminant  receives  only 
a  small  portion  of  its  nutrients  directly  from  the  food  it  has 
eaten.  He  said  that  the  ruminant  must  depend  almost  entirely 
upon  the  digestion  and  absorption  of  the  countless  number  of 
food-laden  bacteria  after  they  have  handled  the  feed  consumed 
by  the  host. 

Experiments  Relating  to  the  Physiological  Effects 
of  Rations  Composed  of  Concentrates 

Snapp  (53)  stated  that  roughage  has  formed  the  principal, 
and  probably  the  only  feed  for  cattle  under  natural  conditions 


for  countless  generations.  Huffman  (32)  said  that  dairy  cattle 
apparently  made  good  use  of  the  total  digestible  nutrients 
when  the  total  ration  consisted  of  alfalfa.   He  also  stated 
that  heavy  roughage  rations  have  a  tendency  to  be  deficient 
in  phosphorus. 

Interest  was  evidenced  quite  early  by  a  number  of  inves- 
tigators as  to  the  physiological  effects  of  rations  devoid  of 
roughages. 

Henderson,  Larson,  and  Putney  (29)  and  Armsby  (2)  have 
related  the  experimental  work  conducted  by  Mr.  L.  V,;.  Miller  in 
1374.  Mr.  Miller  stated  that  he  had  successfully  wintered 
his  dry  cows  on  a  ration  of  corn  meal  exclusively,  and  that 
although  rumination  was  entirely  suspended  for  several  months, 
no  ill  effects  were  observed.  According  to  the  report  by 
Armsby,  Mr.  Miller  showed  that  three  quarts  of  good  fine  corn 
meal  per  day,  fed  dry  without  other  food,  were  sufficient  to 
supply  the  wants  of  a  900-pound  animal. 

Sanborn  (51)  later  reported  the  results  of  his  experiments 
on  exclusive  concentrate  feeding.   He  fed  a  182-pound  calf  on 
grain  and  milk  for  a  period  of  42  days.   Five  and  nine-tenths 
pounds  of  food  were  required  per  pound  of  gain.   However,  the 
calf  died  as  a  result  of  eating  its  sawdust  bedding.  Sanborn 
also  reported  the  feeding  of  two  sheep  on  an  exclusive  diet  of 
grain  and  roots  for  a  period  of  about  five  months,  at  which 
time  they  were  slaughtered.   He  stated  that  the  roots  required 
no  more  remastication  than  the  grain,  and  that  no  course  fodder 


was  given.   Both  sheep  lost  weight  during  the  first  two  months. 
He  attributed  this  loss  in  weight  to  a  decrease  in  the  con- 
tents of  the  rumen.   Because  of  this  loss  in  weight  which  he 
thought  was  due  to  a  change  in  the  contents  and  size  of  the 
rumen,  all  calculations  were  made  from  the  time  when  the  loss 
in  weight  ceased.   According  to  his  calculations,  the  sheep 
made  an  average  daily  gain  of  .17  pound  during  the  remainder 
of  the  experiment.   He  stated  that  the  stomach,  intestines, 
and  fat  of  sheep  on  other  trials  being  fed  course  feed  weighed 
nearly  twice  ss  much. 

In  a  third  experiment,  he  fed  a  two-year-old  steer  for 
approximately  eight  and  one-half  months  on  grain  alone.  He 
considered  the  gain  in  weight  during  the  middle  of  the  experi- 
ment which  was  1.36  pounds  daily,  and  disregarded  the  loss  at 
the  beginning  and  end  of  the  trial.   The  loss  during  the  first 
part  of  the  experiment  was  attributed  to  the  decrease  in  rumen 
contents.  However,  there  was  no  explanation  for  the  loss 
during  the  last  3#  days  of  the  trial. 

Davenport  (16)  conducted  four  experiments,  using  calves, 
in  order  to  determine  the  physiological  requirements  of  the 
animal  body.   He  did  not  have  accurate  data  on  his  first 
experiment  as  no  records  were  kept.   However,  he  described 
the  results  quite  well  from  memory.   The  calf  was  given  grain 
at  an  early  age,  and  shavings  were  substituted  for  its  bedding 
as  soon  as  it  showed  a  desire  for  course  food.   It  had  a 
depraved  appetite  and  would  eat  shavings,  ropes,  and  chew  on 
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sticks  when  available.   Before  its  death  at  five  months  of 
age,  it  was  consuming  more  than  a  half-bushel  of  grain,  com- 
posed of  one-half  corn  and  one-half  oats,  a  day.  A  post- 
mortem examination  revealed  nothing  abnormal  in  the  cevelop- 
ment  of  the  internal  organs.   He  stated  that  the  one  note- 
worthy feature  of  the  carcass  was  the  absolute  lack  of  fat, 
either  external  or  internal. 

In  the  second  experiment,  the  calf  was  put  on  an  exclu- 
sive diet  of  skim  milk  after  the  sixth  day.   It  exhibited 
a  strong  appetite  for  course  food  and  eventually  refused  to 
get  up  and  take  milk.  After  allowing  the  calf  to  become  weak 
to  a  point  near  death,  he  placed  hay  and  straw  in  the  pen 
before  it.   The  calf  ate  greedily,  ruminated  in  three  hours 
for  the  first  time  in  its  life,  and  returned  to  normal. 

In  the  third  experiment,  the  calf  was  fed  exclusively  on 
grain  and  milk.   The  first  symptom  was  that  of  approaching 
starvation,  an  enormous  consumption  of  food  which  did  not 
satisfy,  and  later  indifference  to  food.  After  hay  was  added 
to  the  ration,  the  calf  ruminated  in  five  and  one-half  hours 
and  rapidly  returned  to  normal. 

The  calf  used  in  the  fourth  experiment  was  weaned  early 
and  placed  on  an  exclusive  diet  of  grain.  This  was  the  first 
calf  to  show  signs  of  a  digestive  disturbance.  After  about 
three  and  one-half  months  the  celf  looked  as  though  it  would 
rally  for  a  short  time  as  had  its  predecessors  in  the  first 
three  experiments,  but  it  died  suddenly  without  warning. 
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McCandlish  (43)  attempted  to  raise  two  bull  calves  on 
milk  alone.   He  stated  that  there  were  no  marked  digestive 
disturbances.   They  ate  a  small  amount  of  the  shavings  first 
used  for  bedding,  gnawed  the  wood  in  the  walls  of  the  pen, 
and  licked  the  hair  from  each  other.   They  grew  fairly  well 
until  they  were  two  or  three  months  old.   During  the  next 
30  days,  gains  were  slow.   This  was  followed  by  a  gradual 
decrease  in  weight  until  the  time  of  their  death  at  from  five 
to  six  months  of  age.   He  also  reported  that  convulsions  were 
frequent.  McCandlish  believed  that  the  lack  of  bulk  in  the 
ration  prevented  the  normal  development  of  the  animal  which 
in  turn  prevented  the  proper  utilization  of  the  nutrients  in 
the  milk.  He  also  noted  that  the  animals  consumed  excessive 
amounts  of  salt. 

Mead  and  Regan  (46)  showed  that  dairy  calves  could  be 
reared  to  19  months  of  age  and  normal  growth  secured  on  a 
ration  containing  no  roughage,  providing  cod  liver  oil  and 
alfalfa  ash  were  supplied  in  sufficient  amounts.  While 
various  deficiency  symptoms  were  exhibited,  they  believed 
this  to  be  due  to  a  deficiency  of  vitamin  A,  an  inadequate 
supply  of  minerals,  or  both. 

Johnson,  Loosli,  and  Mayn&rd  (35)  started  feeding  calves 
on  a  purified  diet,  containing  a  mixture  of  casein,  lact- 
albumin,  sugar,  butter  or  lard,  minerals,  and  water,  at  from 
two  to  ten  days  of  age.  A  purified  dry  ration  was  kept  before 
them  axter  the  first  few  days  and  they  were  completely 
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transferred  to  this  ration,  consisting  of  casein,  starch, 
sugar,  cottonseed  meal,  cellophane,  and  minerals,  after  about 
three  months.   These  investigators  noted  that  the  growth  rates 
of  the  15  calves  were  below  normal.   They  attributed  this  to 
poor  food  consumption  and  digestive  upsets.   It  also  became 
necessary  to  add  25  milligrams  of  magnesium  per  kilogram  of 
body  weight  to  prevent  Hypomagnesemia,  convulsions,  paralysis, 
and  death. 

Mead  and  Goss  (45)  fed  14  dairy  heifers  from  two  days 
to  four  months  of  age  on  milk.  After  this  time  Group  I  re- 
ceived concentrates,  sodium  chloride,  and  cod-liver  oil; 
Group  II  received  concentrates  and  calcium  carbonate;  Group  III 
received  concentrates,  calcium  carbonate,  and  paper  pulp.   It 
was  necessary  to  limit  the  food  consumption  in  order  to  avoid 
serious  bloat.   They  stated  that  10  of  the  heifers  died  at 
from  nine  months  to  four  years  of  age  due  to  the  following: 
four  died  of  bloat,  one  of  chronic  indigestion,  two  of  pneu- 
monia complications,  one  by  accident,  one  of  complications 
following  operative  procedure  for  the  formation  of  a  permanent 
rumen  fistula,  and  one  following  the  removal  of  a  large 
shoulder  tumor.   Four  of  the  original  heifers  were  still 
alive  at  six  years  of  age.   They  said  that  with  the  exception 
of  bloat,  none  of  the  symptoms  usually  associated  with  a 
roughage-free  diet  were  noticed. 

In  an  earlier  experiment  conducted  by  Mead  and  Goss  (44), 
IS  heifers  were  fed  from  birth  to  1#  months  of  age  on  concen- 
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trates,  and  a  second  group  received  the  same  diet  plus  paper 
pulp.  Pulp  was  added  to  the  ration  so  that  the  fiber  content 
of  the  ration  was  equivalent  to  that  of  one  containing  equal 
parts  of  concentrates  and  alfalfa  hay.  They  stated  that  the 
digestibility  of  the  crude  fiber  was  32  per  cent  lower  in  the 
concentrate  ration. 

These  same  investigators  also  studied  the  effects  of  fine 
grinding,  and  reported  that  it  appeared  only  to  lower  signif- 
icantly the  digestibility  of  the  crude  fiber  of  the  concentrate 
ration. 

Huffman  (jl)  stated  that  calves  fed  on  concentrate  rations 
which  were  adequate  for  rats  and  swine  would  usually  die  of 
convulsions.   The  addition  of  corn  cobs,  oat  hulls,  or  shavings 
to  the  concentrate  ration  failed  to  prevent  convulsions.  He 
said  that  the  symptoms  were  similar  to  those  of  animals  suf- 
fering from  a  parathyroid  deficiency  and  thought  that  hay 
might  contain  a  factor  which  regulated  the  functioning  of  the 
parathyroid  glands. 

In  his  second  experiment,  he  fed  wheat  straw  with  a  con- 
centrate ration  containing  adequate  protein.   This  ration 
failed  to  bring  about  normal  reproduction  when  fed  to  dairy 
cows.  He  stated  that  the  calves  were  born  blind  and  paralyzed. 
He  concluded,  as  the  results  of  these  investigations,  that 
both  the  quantity  and  quality  of  the  roughage  were  important 
in  maintaining  the  health  and  normal  reproduction  in  dairy 
cattle. 
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Kick  and  associates  (3#)  studied  the  effects  of  chopping 
alfalfa  hay  and  grinding  shelled  corn.  They  found  that  it 
made  no  difference  in  the  number  of  chews,  boluses,  or  the 
time  spent  in  rumination;  however,  they  reported  that  grind- 
ing the  hay  reduced  all  of  these  indexes.  The  most  important 
factor  in  the  amount  of  rumination  was  the  amount  of  roughage 
present  in  the  ration.   They  stated  that  steers  fed  shelled 
corn  and  protein  supplement  without  roughage  ruminated  list- 
lessly and  seemed  to  do  it  from  habit  rather  than  from 
necessity. 

Cole  and  Mead  (12)  conducted  experiments  using  cattle 
and  sheep.  One  group  was  fed  concentrates  plus  whole  alfalfa 
hay,  and  the  second  group  was  fed  concentrates  plus  finely 
ground  alfalfa  hay.   The  following  symptoms  were  observed  in 
the  second  group:  rumination  occurred  irregularly  or  not  at 
all,  there  were  21  cases  of  bloat  in  four  cows  during  a  15-day 
period  and  one  case  in  sheep,  food  consumption  was  reduced  to 
6.9  pounds  daily  per  cow,  and  both  cattle  and  sheep  showed 
depraved  appetites.  All  of  the  symptoms  were  more  pronounced 
in  the  cattle.  These  investigators  thought  that  the  limiting 
physical  factor  in  an  exclusive  concentrate  diet  was  the 
absence  of  the  course  sharp  material  necessary  to  stimulate 
the  nerve  fibers  terminating  in  the  ruminal  mucosa. 

Schalk  and  Amadon  (52)  demonstrated  that  course  bulky 
foods  were  necessary  for  rumination.  Rumination  was  experi- 
mentally induced  by  packing  the  rumen,  through  a  fistula,  with 
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finely  chopped  and  moistened  alfalfa  hay,  sawdust,  or  shavings. 
Friction  stimuli  was  produced  by  drawing  handfuls  of  hay  and 
straw  over  the  surface  of  the  rumen  and  reticular  mucosa  and 
also  by  drawing  the  finger  tips  lightly  over  these  surfaces. 
They  noticed  the  greatest  effects  when  the  anterior  portion 
of  the  rumen  was  stimulated. 

They  stated  that  the  first  effects  noted,  following  the 
stimulation  of  the  rumen  mucosa,  were  the  increase  in  salivary 
secretion  and  the  more  frequent  deglutition  movements.  Heavy 
concentrates  in  the  form  of  ground  oats,  shorts,  and  shelled 
whole  corn  were  observed  to  pass  in  a  large  part  directly  into 
the  reticulum. 

Cole,  Mead,  and  Kleiber  (13)  proposed  the  theory  that  the 
expulsion  of  gas  from  the  rumen  by  belching  was  a  reflex 
mechanism  dependent  upon  an  adequate  amount  of  fibrous  material 
of  a  prickly  nature.  Their  studies  on  the  composition  of  the 
rumen  gas  were  made  by  means  of  a  permanent  fistula.   It  was 
found  that  the  carbon  dioxide  content  of  the  rumen  gas  was 
slightly  higher  when  feeding  alfalfa  hay  and  grain  than  when 
feeding  either  alfalfa  hay  or  green  alfalfa  alone.  They 
stated  that  since  succulent  legumes  and  concentrates  contain 
a  minimum  of  prickly  fiber,  sufficient  roughage  of  this  nature 
should  be  added  to  the  ration  to  initiate  belching  and  prevent 
bloat. 
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Experiments  Relating  to  the  Physiological  Effects 
of  Rations  for  Sheep 

Coffey  (11)  has  reported  that  in  each  of  two  experiments, 
the  lambs  receiving  the  largest  portion  of  corn  made  the 
largest  gains.   The  ratios  ranging  from  1  part  corn  and  0,86 
part  hay  to  approximately  1  part  corn  and  2  parts  hay  were 
about  equal  in  their  effects  on  market  quality.  He  also  dem- 
onstrated that  the  lots  fed  the  greatest  proportion  of  corn 
to  hay  produced  the  cheapest  gains. 

Blakeslee  and  Brown  (3)  stated  that  lambs  fed  a  ration 
consisting  of  1  part  shelled  corn  and  2  parts  alfalfa  hay 
made  the  most  economical  gains.   The  lambs  which  were  fed  equal 
parts  of  corn  and  alfalfa  hay  made  good  gains,  and  when  corn 
and  hay  were  fed  in  the  proportion  of  1  to  3  the  gains  were 
slower  and  less  economical.  They  stated  that  the  last  ration 
would  not  be  economical  unless  corn  was  worth  more  than 
4.2  times  per  ton  as  much  as  alfalfa  hay. 

In  their  second  experiment  (4),  four  lots  of  lambs  were 
used  to  determine  the  effects  of  the  physical  balance  of  the 
ration  and  the  effects  of  hand  feeding  versus  self  feeding. 
The  first  two  lots  were  given  a  ration  containing  70  per  cent 
hay  and  30  per  cent  corn,  and  the  second  two  lots  were  given  a 
ration  containing  50  per  cent  hay  and  50  per  cent  corn.  They 
stated  that  both  lots  receiving  the  greatest  proportions  of 
corn  had  a  higher  dressing  per  cent  when  compared  to  the  first 
two  lots.  It  was  also  noted  that  there  was  a  greater 


17 


difference  in  dressing  per  cent  between  the  two  lots  which 
were  self  fed  than  there  was  between  the  corresponding  lots 
which  were  hand  fed. 

Cox  (15)  conducted  nine  experiments  in  order  to  determine 
the  effect  of  the  physical  balance  of  the  ration  on  feed 
utilization  by  fattening  lambs.  Each  experiment  consisted  of 
three  lots  of  lambs  which  were  fed  as  follows:  Lot  I,  35  per 
cent  concentrates  to  65  per  cent  roughage;  Lot  II,  45  per  cent 
concentrates  to  55  per  cent  roughage;  Lot  III,  55  per  cent 
concentrates  to  45  per  cent  roughage.  In  two  of  the  experi- 
ments, paper  puln  and  wood  pulp  were  substituted  for  the 
roughage  part  of  the  ration. 

Of  the  nine  experiments,  Cox  noted  that  the  lambs  in 
Lot  II  made  the  greatest  total  gain  per  head  and  the  largest 
daily  gains  in  seven  of  the  experiments.  Lot  III  made  the 
highest  gains  in  two  of  the  experiments  while  Lot  I  made  the 
lowest  gains  in  seven  of  the  nine  experiments. 

The  efficiency  of  feed  utilization  was  highest  for 
Lot  II  in  all  nine  experiments.  Lot  III  ranked  second  in  feed 
utilization  in  seven  experiments,  and  Lot  I  ranked  second  in 
only  two  experiments. 

**ox  stated: 

...that  as  bulky  rations  are  increased  in 
concentration  the  gains  made  and  the  efficiency 
of  feed  utilization  by  lambs  increase  up  to  a  cer- 
tain level;  and  that  as  the  concentration  is  fur- 
ther increased,  the  gains  and  efficiency  of  feed 
utilization  turn  downward. 
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Blakeslee  and  Brown  (5)  stated  that  according  to  their 
results  of  three  years  work,  the  average  daily  gain  tended  to 
be  greater  when  the  ration  was  made  up  of  40  or  50  per  cent 
corn.  However,  they  also  noted  that  the  lot  receiving  60  per 
cent  corn  and  40  per  cent  hay  had  a  slightly  higher  dressing 
percentage. 

Kammlade  (36)  stated  that  it  was  not  advisable  to  feed 
corn  and  hay  in  a  ratio  greater  than  two  to  one.  He  also  said 
that  in  most  cases  the  corn  in  this  ratio  would  be  in  excess. 


Experiments  Relating  to  the  Physical  Effects 
of  Rations  for  Cattle 


Conrad  and  Hibbs  (14)  reported  that  in  14,  five-day, 
paired-feeding  trials  using  IS  calves  with  an  average  age  of 
1.2  weeks,  a  ration  containing  2  parts  of  grain  and  3  parts  of 
hay  was  more  efficiently  utilized  than  the  rations  containing 
1  part  grain  and  4  parts  hay  or  3  parts  grain  and  2  parts  hay. 

Gardner  and  Stuff  (26)  fed  dairy  calves  on  dry  mixtures 
containing  0,  20,  40,  and  60  per  cent  roughage.   The  calves 
receiving  the  ration  containing  40  per  cent  roughage  made  the 
largest  daily  gains  per  head. 

Hibbs,  Pounden,  and  Conrad  (30)  have  stated  that  Jersey 
heifers  raised  to  six  months  of  age  on  grain  to  hay  ratios  of 

1  to  2  and  1  to  4  showed  little  difference  in  growth.  How- 
ever, they  stated  that  the  feed  utilization  per  pound  of  gain 
was  the  greatest  in  the  group  receiving  1  part  of  grain  and 

2  parts  of  hay. 
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Weber  (5#)  fed  five  lots  of  yearling  steers  for  180  days 
in  order  to  determine  the  comparative  grade  of  beef  produced 
by  steers  being  fed  different  quantities  of  grain.  The  five 
lots  were  fed  concentrates  as  follows:  Lot  I  was  given  a  full 
feed  of  ground  barley  containing  cottonseed  meal;  Lot  II  was 
given  a  2/3  feed  of  ground  barley  containing  cottonseed  meal; 
Lot  III  was  given  a  2/3  feed  of  ground  barley;  Lot  IV  was 
given  a  l/3  feed  of  ground  bsrley  containing  cottonseed  meal; 
Lot  V  was  given  1.11  pounds  of  cottonseed  meal  per  head  daily. 
Silage  was  fed  as  a  roughage  to  all  lots.  The  rate  of  gain 
was  the  highest  in  Lot  I  and  the  lowest  in  Lot  V.   *  eber  stated 
that  there  was  a  direct  relationship  between  the  degree  of 
finish  and  the  amount  of  grain  eaten.   However,  he  noted  that 
less  grain  and  more  silage  were  required  for  100  pounds  gain 
in  Lots  II  and  IV  which  were  fed  limited  grain  rations. 

In  1947,  'Aeber,  Aicher,  and  Kessler  (59)  conducted  a 
series  of  experiments  with  yearling  steers  to  determine  the 
economy  of  full  feeding  milo  grain  with  sorghum  silage  and 
cottonseed  cake  as  compared  with  rations  containing  3/4,  1/2, 
and  a  l/4  full  feed  of  grain.   The  steers  were  divided  into 
four  lots  and  given  all  of  the  silage  they  would  consume 
throughout  the  entire  150-day  feeding  period. 

These  investigators  observed  that  the  lot  on  full  feed 
had  the  greatest  average  gain  per  head  and  required  less  feed 
per  100  pounds  gain  than  the  other  three  lots;  however,  the 
full  fed  lot  required  more  grain  per  100  pounds  of  gain  than 
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did  the  steers  on  other  treatments.   The  lot  on  1/4  full  feed 
showed  the  lowest  average  gain  and  required  the  greatest 
amount  of  feed  per  100  pounds  of  gain.   This  lot  also  required 
the  least  amount  of  grain. 

They  gave  the  dressing  per  cents  as  follows:  Lot  I,  full 
fed,  59  per  cent;  Lot  II,  3/4  fed,  5S.4  per  cent;  Lot  III, 
1/2  fed,  55.5  per  cent;  Lot  IV,  1/4  fed,  55.5  per  cent. 
Lot  II  compared  quite  favorably  to  Lot  I;  however,  the  car- 
cass grades  were  somewhat  lower.  They  showed  that  while  the 
dressing  per  cents  of  Lots  III  and  IV  were  equal,  the  carcass 
grades  of  Lot  IV  were  slightly  lower  than  the  carcass  grades 
of  Lot  III. 

A  second  experiment,  using  the  same  rations  and  feeds, 
was  run  the  following  year  by  these  same  investigators  (60). 
They  stated  that  the  gains  in  the  second  set  of  trials  were 
slightly  higher  in  all  four  lots  than  in  the  gains  made  in  the 
previous  trials  of  1947.  The  results  of  the  1948  trials  com- 
pared quite  favorably  with  the  results  of  the  previous  year. 
They  attributed  the  increased  gains  to  the  higher  grain  con- 
tent of  the  silage. 

Experimenters  at  Colorado  A  &  M  College  (55)  conducted 
an  experiment  using  four  lots  of  steers  in  order  to  determine 
the  effects  of  different  levels  of  concentrates  and  roughages 
in  fattening  rations.   The  rations  fed  in  the  four  lots  were 
pre-mixed,  varying  the  proportions  of  concentrates,  ground 
corn,  rolled  barley,  soybean  meal,  and  ground  limestone,  to 
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roughage,  ground  alfalfa  hay,  on  a  dry  matter  basis  in  the 
following  ratios:  3  to  1,  2  to  1,  1  to  1,  1  to  2.  The  amount 
of  soybean  meal  was  adjusted  in  each  lot  to  maintain  an  equal 
level  of  protein,  and  ground  limestone  was  added  in  the 
amounts  necessary  to  maintain  the  same  calcium-phosphorus 
ratio  in  all  four  lots.  Salt  was  given  free  choice. 

They  stated  that  the  steers  fed  the  3  to  1  ratio  made 
the  highest  daily  gains  and  were  marketed  after  159  aays  of 
feeding.  The  average  carcass  yield  was  61  per  cent,  and  they 
graded  two  prime  and  eight  choice  carcasses. 

The  steers  fed  on  a  ratio  of  2  to  1  were  marketed  at  the 
end  of  166  days.  They  stated  that  these  carcasses  dressed 
62.99  per  cent  and  graded  choice;  however,  about  one-half  of 
them  were  criticized  by  the  grader  as  lacking  firmness.  The 
average  daily  gains  for  this  lot  were  slightly  less  than  for 
the  previous  lot,  though  the  total  gains  were  the  largest  of 
the  four  lots. 

The  steers  fed  on  a  ratio  of  1  to  1  were  marketed  at  the 
end  of  173  days.  These  carcasses  dressed  59.69  per  cent  and 
graded  choice.   However,  they  stated  that  with  one  exception, 
they  were  criticized  for  lacking  firmness. 

The  steers  on  the  1  to  2  ratio  were  fed  for  187  days. 
They  stated  that  the  carcasses  dressed  59.31  per  cent,  graded 
average  and  low  choice,  and  were  criticized  for  being  soft, 
having  fat  which  was  a  trifle  yellow,  and  being  dark  in  the 
lean.   It  was  also  noted  that  this  lot  made  the  lowest  daily 
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gains  when  compared  with  previous  lots.  The  feed  cost  per 
100  pounds  gain  was  also  the  highest. 

These  same  investigators  (56)  conducted  the  same  experi- 
ment the  following  year  with  one  exception.  An  additional 
lot  of  cattle  was  added  for  which  the  ratio  was  changed  at 
four-week  intervals  from  1:2  to  1:1  to  2:1  and  finally  to  3:1. 
The  steers  on  a  ratio  of  2  to  1  made  the  cheapest  gains  and 
produced  the  highest  yielding  carcasses,  though  the  steers 
on  the  varying  ratio  followed  closely. 

They  stated  that  the  results  of  this  experiment  were 
similar  to  the  experiment  conducted  the  previous  year  with 
the  exception  that  the  2  to  1  ratio  steers  showed  more  favor- 
able results  from  the  standpoint  of  gains  and  cost  of  gains. 

In  their  third  experiment  ($7)  the  3  to  1  ratio  steers 
made  the  highest  daily  gains  but  at  the  highest  cost,  with  th« 
varying  ratio  steers  and  the  2  to  1  ratio  steers  following 
close  behind  in  gains.   In  this  experiment,  the  varying  ratio 
steers  made  the  cheapest  gains  and  produced  the  highest  yield- 
ing carcasses. 

They  noted  that  while  the  total  digestible  nutrients 
decreased  from  a  3:1  to  1:2  ratio,  the  decrease  in  the  rate  of 
gains  was  relatively  more  rapid.   They  stated  that  this  was 
apparently  due  to  the  less  efficient  use  of  the  nutrients 
present. 

In  1949,  Dowe  and  Arthaud  (18)  conducted  an  experiment 
using  five  lots  of  yearling  steers,  each  lot  being  fed  corn 
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and  alfalfa  in  the  following  ratios:  Lot  I,  1  to  1;  Lot  II, 
2  to  1:  Lot  III,  3  to  1;  Lot  IV,  4  to  1;  Lot  V,  5  to  1. 

They  noted  that  the  average  daily  corn  consumption  was 
about  equal  in  Lots  II,  III,  IV,  and  V;  however,  this  was  not 
planned  as  the  steers  were  fed  free  choice.   Soybean  meal  was 
substituted  for  part  of  the  corn  in  Lots  IV  and  V.  The  steers 
in  Lot  V  consumed  the  greatest  amounts  of  total  concentrates 
per  head,  though  this  resulted  in  an  additional  average  daily 
gain  of  only  .22  pound  when  compared  to  the  steers  in  Lot  I. 

They  stated  that  the  steers  in  Lot  III  required  less 
total  feed  per  100  pounds  gain  than  did  the  steers  in  the 
other  four  lots.  The  dressing  per  cent  was  the  highest  for 
the  steers  in  Lot  III.  However,  the  carcass  grades  for  Lots  II 
and  III  were  about  equal. 

Dowe,  Arthaud,  and  Matsushima  (19)  fed  five  lots  of 
steers  on  various  ratios  of  concentrates  to  roughage  for 
105  days.  Vater,  salt,  bone  meal,  and  ground  limestone  were 
available  at  all  times.  The  steers  in  Lot  I  were  started  on 
a  mixture  of  2  parts  of  corn  to  1  part  of  alfalfa  hay.  Each 
28  days,  the  amount  of  corn  was  increased  until  the  steers 
were  receiving  a  mixture  of  5  parts  of  corn  and  1  part  of 
alfalfa  hay  at  the  end  of  the  experiment.  The  other  four  lots 
were  given  the  following  ratios  of  concentrates  to  roughage: 
Lot  II,  2  to  1;  Lot  III,  3  to  1;  Lot  IV,  4  to  1;  Lot  V,  5  to  1. 

These  investigators  stated  that  the  steers  in  Lot  IV 
consumed  the  smallest  daily  ration  of  corn  per  head  and  made 
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the  smallest  daily  gains  per  head.  However,  the  slaughter 
data  indicated  that  these  steers  were  as  well  finished  as 
those  of  the  other  lots.  This  lot  required  more  pounds  of 
concentrates  per  100  pounds  gain  than  any  of  the  other  lots. 

The  steers  in  Lot  II  consumed  the  smallest  total  amount 
of  concentrates  per  head  but  made  the  largest  average  daily 
and  total  gains. 

They  stated  that  the  steers  in  Lot  I  consumed  more  pounds 
of  corn  per  head  daily  than  any  of  the  other  lots.  The 
average  daily  gain  of  the  steers  in  this  lot  was  second  only 
to  the  average  daily  gain  produced  by  the  steers  in  Lot  II. 

Dowe,  Arthaud,  and  Matsushima  (20,  21  and  22)  conducted 
three  additional  feeding  trials,  each  trial  consisting  of  six 
lots  of  steers,  with  rations  made  up  for  the  various  lots  in 
each  trial  as  follows:  Lot  I,  1  part  corn  to  1  part  alfalfa 
hay;  Lot  II,  2  parts  corn  to  1  part  alfalfa  hay;  Lot  III, 
3  parts  corn  to  1  part  alfalfa  hay;  Lot  IV,  4  parts  corn  to 
1  part  alfalfa  hay;  Lot  V,  5  parts  corn  to  1  part  alfalfa  hay; 
Lot  VI,  a  varying  ratio  starting  with  1  part  corn  and  1  part 
alfalfa  hay  which  was  increased  by  1  part  corn  each  2&   days 
so  that  by  the  end  of  the  feeding  trial  the  ratio  was  5  parts 
corn  to  1  part  alfalfa  hay.   Soybean  meal  was  added  to  the 
concentrate  ration  in  Lots  IV,  V,  and  VI  in  the  first  two 
experiments. 

According  to  these  investigators,  Lot  IV  made  the  highest 
average  daily  gains  in  the  first  two  trials.  Lot  VI  made  the 
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highest  average  daily  gains  in  the  third  trial.  Lot  I  was 
consistent  in  making  the  lowest  average  daily  gains  in  all 
three  trials,  though  Lot  I  equaled  Lot  III  in  the  first  trial 
and  Lot  V  was  only  slightly  higher  than  Lot  I  in  the  second 
trial.   They  stated  that  the  steers  in  Lot  V  showed  more  signs 
of  scouring  and  were  more  erratic  in  their  daily  feed  con- 
sumption than  any  of  the  other  lots  in  the  second  trial. 

EXPERIMENTAL  INVESTIGATIONS 

Experiment  I 

Plans  and  Procedures.   The  purpose  of  this  experiment  was 
to  determine  the  maximum  amount  of  roughage  which  could  be 
used  in  a  fattening  ration  for  beef  cattle  that  would  produce 
the  maximum  and  most  economical  gains.   It  was  also  the  pur- 
pose of  this  experiment  to  secure  information  on  the  relation 
of  the  physical  balance  of  the  ration  to  carcass  grade  and 
quality.  This  type  of  information  will  aid  the  cattle  feeder 
in  determining  how  he  can  best  utilize  his  supply  of  roughage 
and  grain. 

The  Hereford  steers  used  in  this  experiment  were  pur- 
chased at  Marathon,  Texas.  They  were  delivered  to  Manhattan, 
Kansas  and  placed  on  their  respective  fattening  rations 
December  22,  1951.   The  feeding  trial  lasted  until  July  12, 
1952,  at  which  time  the  results  were  tabulated  for  the  203-day 
period. 
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The  30  steer  calves  used  in  this  experiment  were  divided 
into  three  lots  on  the  basis  of  weight,  size,  and  conforma- 
tion. One  steer  died  in  Lot  III  on  June  21,  1952.  After  this 
time  all  calculations  for  Lot  III  were  based  on  nine  head. 
Death  was  attributed  to  traumatic  pericarditis. 

The  proportion  of  concentrates  in  each  lot  was  gradually 
increased  until  the  desired  ratio  of  concentrates  to  roughage 
was  obtained.  Table  1  gives  the  respective  ratios  for  the 
three  lots. 


Table  1.  The  following  ratios  of  concentrates  to  roughage 
were  fed  in  the  respective  lots. 


Lot 


Ratios  Fed 


I  1  part  milo  grain  to  1  part  alfalfa  hay 

II  3  parts  milo  grain  to  1  part  alfalfa  hay 

III  5  parts  milo  grain  to  1  part  alfalfa  hay 


The  steers  in  all  three  lots  were  self-fed  their  respec- 
tive ratios  of  grain  to  hay.  The  milo  grain  was  course- 
ground  and  the  alfalfa  hay  was  chopped  into  three  to  four- 
inch  lengths  in  order  to  facilitate  mixing  with  the  grain. 
Water  and  salt  were  provided  free  choice  at  all  times.   In 
addition  to  their  respective  ration,  Lot  III  received  300 
pounds  of  dehydrated  alfalfa  pellets  plus  a  capsule  contain- 
ing eight-tenths  gram  of  vitamin  A  supplement  per  steer.  The 
potency  of  the  vitamin  A  supplement  was  400,000  units  per 
gram.   The  pellets  and  cspsules  were  added  due  to  the  poor 
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quality  of  the  alfalfa  hay  being  used  which  was  evidenced  by 
a  vitamin  A  deficiency. 

Results  and  Discussion,  During  the  203-day  experimental 
period,  the  steers  in  Lot  I  consumed  the  largest  total  amount 
of  feed.  They  were  followed  by  Lots  II  and  III  respectively. 
The  steers  in  Lot  III  consumed  the  largest  amount  of  grain  and 
the  least  amount  of  alfalfa  hay.  The  consumption  of  alfalfa 
hay  was  the  greatest  in  Lot  I.  The  average  total  feed  consumed 
and  the  average  daily  feed  consumed  is  presented  in  Tables  2 
and  3  respectively.   It  was  noted  that  Lot  III,  followed  by 
Lots  I  and  II,  consumed  the  largest  quantity  of  salt.  How- 
ever, the  difference  was  not  as  great  between  Lots  III  and  I 
as  between  Lots  I  and  II, 

As  presented  in  Table  4,  Lot  II  made  the  highest  average 
daily  gains  and  average  total  gains.  Lot  III  made  the  lowest 
average  daily  gains  and  average  total  gains.  However,  it  was 
noted  that  the  average  daily  gains  and  the  average  total  gains 
of  Lot  III  exceeded  those  of  Lot  I  during  the  first  129  days 
of  the  experiment  and  were  only  slightly  below  the  average 
gains  made  during  this  period  by  Lot  II.  A  comparison  of  the 
average  weights  per  head  per  lot  is  presented  in  Fig.  1. 
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Table  4.  Average  daily  and  total  gain 

per  head 

with  cumulative  averages  by  lots. 

Period 

:     Lot 

I 

Lot 

II     : 

Lot 

III 

:  Daily 

: Total 

:  Daily 

: Total   ! 

Daily 

: Total 

:   lbs. 

:  lbs. 

• 

:   lbs. 

:  lbs.   : 

•             1 

:   lbs. 

:  lbs. 

• 
• 

1st  28  days 

1.93 

54.0     2.04 

57.0 

1.93 

54.0 

2nd  23  days 

2.57 

72.0     2.75 

77.0 

2.50 

70.0 

56-day  av. 

2.25 

126.0     2.39 

134.0 

2.21 

124.0 

32  days 

2.53 

31.0     2.66 

35.0 

2.47 

79.0 

33-day  av. 

2.35 

207.0     2.49 

219.0 

2.31 

203.0 

10  days 

2.60 

26.0     2,60 

26.0 

2.30 

23.0 

93-day  av. 

2.33 

233.0      2.50 

245.0 

2.36 

231.0 

31  days 

2.05 

63.5      2.30 

72.0 

2.70 

34.0 

129-day  av. 

2.30 

296.5      2.46 

317.0 

2.44 

315.0 

23  days 

1.33 

52.5      2.20 

61.5 

1.04 

29.0 

157-day  av. 

2.22 

349.0     2. a 

373.5 

2.19 

344.0 

23  days 

2.25 

63.0     1.77 

49.5 

2.11 

59.2 

135-day  av. 

2.23 

412.0     2.31 

428.0 

2.13 

403.2 

13  days 

0.33 

16.0     1.03 

13.5 

1.05 

19.0 

203-day  av. 

2.10 

423.0     2.20 

446.5 

2.07 

422.2 

The  cost 

of  feed 

per  100  pounds  gain,  as  presented 

in 

Table  5,  was  based  on 

the  following  feed  prices: 

Milo  gra 

in  per  cwt. 

$  2.3C 

1 

Alfalfa 

hay  per  ton 

40.0C 

1 

Salt  per 

ton 

12.0C 

l 

Table  5 

•  The  cost  of  feed  per  100  pounds  gain. 

- 

Lot 

1       I   : 

II   : 

III 

Cost  of 

Feed 

#26.01 

24.15 

522.33 

A  compari 

son  of  the  amount  of  feed 

required  by  the  vari- 

ous  lots  per  100  pound 

3  of  gain  is  pres< 

snted  in 

Table  6. 

It 

was  noted  that 

Lot  III 

required  the  least  amount 

of  total 
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feed  per  100  pounds  of  gain,  although  this  lot  required  the 
greatest  amount  of  grain  per  100  pounds  of  gain.  Lot  I  re- 
quired the  greatest  total  amount  of  feed  and  the  least  amount 
of  grain  per  100  pounds  of  gain. 

All  29  steers  were  trucked  to  Kansas  City  and  slaughtered, 
The  carcass  data  is  presented  in  Table  7. 

Table  7.  Carcass  data. 


Lot 

z    I 

:   II 

:   III 

Av.  live  wt.  in  lbs. 

934 

949 

933 

Per  cent  shrink  to  market 

2.4 

1.9 

3.0 

Av.  dressing  per  cent 

56*. 6 

60.0 

60.3 

Carcass  grades: 

Low  prime 

1 

High  choice 

6 

2 

Average  choice 

2 

5 

Low  choice 

6 

1 

2 

High  good 

1 

2 

Average  good 

1 

Selling  price  per  100  lbs. 

.32.50 

$33-50 

$34.00 

By  assigning  numerical  values  to  the  carcass  grades, 
a  comparison  between  lots  was  made.  The  carcass  grades,  rang- 
ing from  average  good  to  low  prime,  were  numbered  consecu- 
tively from  1  to  6,  starting  with  average  good.  The  average 
carcass  grades  were  as  follows:  Lot  I,  2.9;  Lot  II,  4.3; 
Lot  III,  4.0.  The  carcass  grades  of  the  steers  in  Lot  I  were 
lower  because  of  a  lack  of  finish. 

Summary  of  Experiment  I.  Thirty  steers  were  divided  into 
three  lots  and  placed  on  different  rations  which  varied  in  the 
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proportions  of  concentrates  to  roughage.  The  death  of  one 
steer  in  Lot  III  was  attributed  to  traumatic  pericarditis. 
Due  to  the  poor  quality  of  the  alfalfa  hay  used,  one  steer  in 
Lot  III  became  blind,  and  the  others  showed  symptoms  of 
vitamin  A  deficiency.   This  necessitated  the  use  of  a  vitamin  A 
supplement  for  Lot  III. 

During  the  first  129  days  of  the  experiment,  the  average 
daily  gains  of  Lot  III  exceeded  those  of  Lot  I  and  were  only 
slightly  less  than  those  of  Lot  II.  However,  during  the 
remainder  of  the  trial,  the  gains  made  by  Lot  I  exceeded  those 
of  Lot  III.  The  gains  made  by  Lot  I  were  largely  due  to  growth 
as  evidenced  by  the  increased  size  and  lack  of  finish.  The 
gains  made  by  Lot  II  were  consistently  higher  throughout  the 
entire  feeding  period. 

Experiment  II 

Plans  and  Procedures.  The  purpose  of  this  experiment  was 
to  determine  the  maximum  amount  of  roughage  which  could  be 
used  in  a  fattening  ration  for  beef  cattle  that  would  produce 
the  maximum  and  most  economical  gains.   It  was  also  the  pur- 
pose of  this  experiment  to  determine  the  effects,  if  any,  of 
previous  wintering  rations  on  summer  fattening  ability  and 
to  determine  the  relative  value  of  milo  grain  versus  corn  for 
fattening  rations  and  carcass  quality. 

The  Hereford  heifers  used  in  this  test  were  purchased  at 
Marfa,  Texas  and  were  delivered  to  Manhattan,  Kansas  on 
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November  3,  1952.  They  were  placed  on  a  ration  of  prairie 
hay  and  one  pound  of  soybean  pellets  per  head  daily  until 
December  22,  1952,  at  which  time  they  were  placed  on  their 
respective  wintering  rations  for  108  days.   The  wintering 
rations  and  the  number  of  heifers  per  lot  are  given  in  Table  £, 


Table  8.  Wintering  rations  for  heifer  calves, 


Lot 

:    VI 

:   VII 

:  VIII 

:   IX 

:    I 

No.  heifers 

per  lot 

1 

10 

10 

10 

10 

Treatment 

Alfalfa 

Atlas 

Atlas 

Prairie 

Corn  cobs* 

hay 

sorgo 

sorgo 

hay. 

4.9  lbs. 

silage. 

silage. 

4.9  lbs. 

corn. 

2  lbs. 

3  lbs. 

corn. 

Soybean 

corn. 

special 

Soybean 

pellets. 

1  lb. 

supple? 

pellets. 

soybean 

ment. 

pellets. 

Daily  gain 
per  heifer 
in  lbs. 


1.24 


1.72 


1.69 


1.60 


1.43 


*    The  special  supolement  was  of  the  following  composition: 
soybean  oil  meal,  2.25  pounds;  molasses,  0.50  pound;  steamed 
bone  meal,  0.18  pound;  salt,  0.06  pound;  vitamin  supplement, 
0.01  pound  (2,250  units  of  A  and  400  units  of  D  per  gram). 


For  purposes  of  physical  balance  treatments,  the  heifers 
on  the  wintering  rations  previously  mentioned  were  divided 
into  five  lots.   Each  lot  was  made  up  of  ten  heifers,  based 
on  three-day  average  individual  weights  and  previous  treat- 
ments. With  the  exception  of  Lots  IV  and  V,  each  of  the  other 
lots  contained  two  heifers  each  from  Lots  VI,  VII,  VIII,  IX, 
and  X.  Lots  IV  and  V  contained  one  heifer  each  from  Lot  VI, 
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and  one  additional  heifer  each  which  had  been  wintered  on  grass 
to  make  up  the  total  of  ten  heifers  in  each  of  these  lots. 

The  heifers  in  all  five  lots  were  self-fed  their  respec- 
tive ratios  (Table  9)  of  grain  to  hay.  Water,  salt,  and 
ground  limestone  were  provided  free-choice  at  all  times.   Soy- 
bean oil  meal  pellets  were  fed  once  daily  to  the  lots  on  high 
concentrate  rations  of  corn  in  order. to  compensate  for  the 
low  protein  content  of  the  corn.  In  these  lots,  one  pound  of 
soybean  oil  meal  was  used  to  replace  one  pound  of  corn,  thus 
keeping  the  ratio  of  concentrates  to  roughage  constant. 

Table  9.  The  following  ratios  of  concentrates  to  roughage 
were  fed  in  the  respective  lots. 


I  3  parts  milo  grain  to  1  part  hay. 

II  A  moving  ratio  was  fed.   The  first 

23  days,  1  part  corn  to  1  part 
hay  was  fed,  and  each  succeeding 
23  days  the  corn  was  increased 
1  part  so  that  at  the  end  of  the 
feeding  period  the  ratio  was 
4  parts  corn  to  1  part  hay. 

III  1  part  corn  to  1  part  hay. 

IV  3  parts  corn  to  1  part  hay. 

V  5  parts  corn  to  1  part  hay. 


The  milo  grain  and  corn  were  course-ground  and  hay  was 
chopped  into  three  to  four-inch  lengths  in  order  to  facili- 
tate its  mixing  with  the  grain.  Brome  and  alfalfa  hay  were 
mixed  in  equal  proportions  by  weight  in  all  of  the  rations. 
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Chemical  analyses  of  the  feeds  used  in  this  experiment  are 
given  in  Table  10. 

Table  10.   Chemical  analyses  of  the  feeds  used. 


Feed 

:   SOM 

:  Yellow  : 

Milo   : 

Alf. 

:  Brome 

corn  : 

maize  : 

hay 

:  hay 

Protein  (%) 

46.13 

9.06 

11.06 

16.19 

8.88 

Ether  extract  (/») 

4.32 

2.95 

2.01 

2.12 

Crude  fiber  {%) 

4.03 

2.60 

25.71 

32.77 

Moisture  (%) 

9.45 

9.17 

7.69 

6.98 

Ash  (%) 

1.50 

2.26 

9.18 

7.32 

N-free  extract  (#) 

71.64 

71. 76 

39.22 

41.93 

Carbohydrate  {$>) 

75.67 

74.56 

64.93 

74.70 

Calcium  {%) 

.01 

.04 

1.57 

.29 

Phosphorus  {%) 

•30  * 

.34 

.18 

.13 

Carotene  (mg/lb.) 

1.23  * 

7.85 

2.18 

*    Potency  from  crude  carotene 

Potency  from  crude  cryptoxanthin 
Total 


2.6  units  per  gram 

1.7  units  per  gram 
4.3  units  per  gram 


Results  and  Discussion.  During  the  91-day  experimental 
period,  beginning  May  14,  1953  and  ending  August  13,  1953, 
the  heifers  in  Lot  I  consumed  the  largest  total  amount  of 
feed.  They  were  followed  by  Lots  III,  V,  IV,  and  II  respec- 
tively.  Lot  I  also  consumed  the  largest  amount  of  grain  for 
the  period.   Lot  V  consumed  the  second  largest  amount  and 
was  followed  by  Lots  IV,  II,  and  III.  A  summary  of  the 
average  total  feed  consumption  is  given  in  Table  11.  V;hile 
Lots  I  and  IV  were  on  the  same  respective  ratios,  the  increased 
feed  consumption  of  Lot  I  was  apparently  due  to  the  increased 
palatability  of  the  milo  grain  in  their  ration  over  that  of 
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the  corn  in  Lot  IV.   The  average  daily  feed  consumption  per 
head  is  presented  in  Table  12. 

Early  in  the  experiment  it  was  noted  that  there  were 
fewer  digestive  disturbances  in  Lot  I  than  in  any  of  the  other 
four  lots.  However,  there  were  only  three  cases  of  bloat  in 
the  entire  experiment.   Two  of  these  were  in  Lot  III,  and  one 
was  in  Lot  V.   The  bloat  in  Lot  III  was  attributed  to  an 
excess  consumption  of  corn  due  to  its  sifting  down  through 
the  hay  in  the  ration.   The  one  case  in  Lot  V  was  also  attri- 
buted to  an  excess  consumption  of  corn. 

As  presented  in  Table  13,  Lot  V  made  the  highest  average 
daily  gains  and  total  gains.  Lot  V  was  followed  by  Lots  I, 
IV,  III,  and  II  respectively.  A  comparison  of  the  average 
weights  per  head  per  lot  is  presented  in  Fig.  2.  While  Lots  I 
and  IV  were  fed  the  same  ratios,  Lot  I  averaged  .30  pound  per 
head  per  day  more  than  Lot  IV  and  was  second  only  to  Lot  V 
whose  daily  gain  exceeded  that  of  Lot  I  by  .10  pound.  There 
was  no  apparent  explanation  for  the  relatively  low  gains  made 
by  Lot  II.   However,  it  was  noted  previously  that  the  amount 
of  feed  consumed  by  this  lot  was  the  lowest  of  the  five  lots. 
With  the  exception  of  Lot  III,  the  average  daily  gains  of  all 
of  the  lots  showed  a  downward  trend  during  the  last  two  feed- 
ing periods  which  consisted  of  35  days.   The  marked  decrease 
during  the  last  seven-day  period  was  probably  due  to  the  short 
period,  hot  weather,  and  increased  handling  due  to  weighing. 
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All  of  the  gains  made  during  this  experiment  were  prob- 
ably lower  than  if  the  cattle  had  been  fed  during  the  cooler 
months  of  the  year.  During  short  periods  of  cooler  weather, 
the  daily  feed  consumption  showed  a  marked  increase. 

According  to  previous  wintering  treatments,  the  heifers 
in  Lot  IX,  prairie  hay,  made  the  highest  average  daily  gains. 
They  were  followed  by  Lots  VIII,  special  supplement;  VII, 
silage;  VI,  alfalfa  hay;  and  X,  corn  cobs,  respectively. 
There  was  a  difference  of  .12  pound  between  Lots  IX  and  VI, 
and  a  difference  of  .25  pound  between  Lots  VI  and  X.  This 
apparent  decrease  in  the  ability  of  heifers  to  gain  on  a  fat- 
tening ration  after  having  been  wintered  on  corn  cobs  might 
for  the  present  be  assumed  to  be  due  to  a  depletion  of  cer- 
tain body  nutrients  or  other  unknown  factors.  While  the 
heifers  in  Lot  X  were  lighter  in  weight,  they  were  valued  one 
dollar  per  hundred  weight  higher  than  the  heifers  in  Lot  IX 
at  the  time  they  were  removed  from  their  wintering  ration. 
A  summary  of  the  results  obtained  according  to  previous  win- 
tering treatments  is  presented  in  Table  14  and  Fig.  3. 

The  cost  of  feed  per  100  pounds  gain,  as  presented  in 
Table  15,  was  based  on  the  following  feed  prices: 


Corn  per  bushel 

I  1.60 

Kilo  grain  per  cwt. 

2.80 

Soybean  pellets  per  ton 

95.00 

Brome  hay  per  ton 

25.00 

Alfalfa  hay  per  ton 

40.00 
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Table  15.   The  cost  of  feed  per  100  pounds  gain. 


Lot         : 

I   : 

II   : 

III  : 

• 

IV   \            V 

• 

Cost  of  feed 

$26.35 

§25.59 

v26.Bl 

|24.57    $22.69 

Salt  and  ground  limestone  were  fed  free-choice  and  no 
record  was  kept  as  to  the  amount  consumed.  Therefore,  the 
cost  of  feed  per  100  pounds  of  gain  does  not  include  either 
salt  or  ground  limestone. 

A  comparison  of  the  amount  of  feed  required  by  the  various 
lots  per  100  pounds  of  gain  is  presented  in  Table  16.   It  was 
noted  that  while  Lot  III  required  the  least  amount  of  grain 
per  100  pounds  of  gain,  Lot  V  required  the  least  amount  of 
total  feed  per  100  pounds  of  gain.  A  comparison  of  Lots  I 
and  IV  shows  that  the  heifers  in  Lot  I  required  five  per  cent 
more  concentrates  and  1.1  per  cent  more  roughage  per  100  pounds 
of  gain  than  did  the  heifers  in  Lot  IV. 

The  50  heifers  used  in  this  experiment  were  trucked  to 
Kansas  City  and  placed  on  the  market  August  17,  1953.  The 
per  cent  of  shrink  to  market  was  not  available  as  the  last 
weigh  period  was  August  13,  1953.  The  weights  and  carcass 
data  presented  in  Table  17  was  obtained  from  Swift  and  Com- 
pany of  Kansas  City.   The  U.  S.  marbling  standards  by  which 
these  heifers  were  graded  are  presented  in  Table  IB,     All  car- 
cass grades  were  obtained  through  the  courtesy  of  the  govern- 
ment graders  at  the  packing  plant. 
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Table  17.  Carcass  data, 

» 

Lot                 : 

I 

:  11 

:  III   : 

IV  : 

V 

Av.  live  wt.  in  lbs. 

795 

757 

752 

783 

810 

Av.  hot  wt.  in  lbs. 

479 

452 

446 

469 

494 

Av.  dressing  per  cent 

59.4 

58. 

0 

58.3 

58.8 

60.0 

Carcass  grades: 

Low  prime 

1 

1 

High  choice 

1 

Av.  choice 

1 

2 

1 

Low  choice 

4 

2 

3 

4 

High  good 

4 

1 

2 

3 

3 

Av.  good 

1 

3 

4 

2 

1 

Low  good 

3 

2 

High  commercial 

1 

Marbling: 

Slightly  abundant 

1 

1 

Moderate 

1 

Modest 

1 

3 

1 

Small 

5 

3 

2 

2 

5 

Slight 

4 

2 

3 

1 

2 

Traces 

4 

4 

4 

1 

Av.  external  finish 

(thickness  in  cm.) 

1.48 

• 

83 

1.51 

1.28 

1.34 

Selling  price  per 

100  lbs. 

$21.00 

:i9. 

50 

$20.50 

v21.00 

|22.00 

Table  18.  U.  S.  marbling  st 

andards. 

* 

choice 

4.  Slightly  abundant 

choice 

7.  Small 

young  el 
good 

ioice 

low  goo<^ 

10.  Practically  devoid 

11.  Devoid 

*   PMA  99  -  December 

,  1950 
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The  carcasses  of  Lot  I  when  compared  to  Lot  IV  showed 
a  poorer  outside  finish  on  the  forequarters  and  rounds.  The 
carcasses  of  Lot  I  tended  to  be  dark  cutters  and  the  meat 
was  not  as  firm  as  in  the  carcasses  from  Lot  IV.   The  carcasses 
of  Lot  IV  had  a  better  color  of  flesh  and  texture.  However, 
the  average  external  finish  of  Lot  I  was  greater  than  the 
average  external  finish  of  Lot  IV. 

The  external  finish  of  the  carcasses  was  measured  in 
centimeters  at  the  cut  surface  between  the  twelfth  and  thir- 
teenth ribs.   The  average  external  finish  of  Lot  III  was  the 
greatest.  Lot  III  was  followed  by  Lots  I,  V,  IV,  and  II 
respectively.  A  comparison  of  the  average  external  finish  of 
the  carcasses  failed  to  show  which  of  the  lots  produced  the 
highest  daily  gains. 

By  assigning  numerical  values  to  the  carcass  grades, 
a  comparison  between  lots  was  made.   The  carcass  grades, 
ranging  from  high  commercial  to  low  prime,  were  numbered  con- 
secutively from  1  to  g,  starting  with  high  commercial.   The 
average  carcass  grades  were  as  follows:  Lot  I,  4.7;  Lot  II, 
3. 5;  Lot  III,  3.3;  Lot  IV,  4.5;  Lot  V,  4.3.  With  the  excep- 
tion of  Lots  II  and  III,  the  average  carcass  grades  were 
indicative  of  the  average  daily  gains. 

Summary  of  Experiment  II.   Fifty  heifers  were  divided 
into  five  lots  and  placed  on  different  rations  which  varied 
in  the  proportions  of  concentrates  to  roughage.   During  the 
91-day  feeding  period,  the  heifers  receiving  the  largest 
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amounts  of  concentrates  in  relation  to  the  roughage  fed  pro- 
duced the  largest  and  most  economical  gains. 

The  heifers  on  a  ration  composed  of  milo  grain  showed 
less  digestive  disturbances  and  made  better  gains  than  did 
heifers  on  a  similar  ration  composed  of  corn.   However,  more 
feed  per  100  pounds  of  gain  was  required  where  milo  grain 
was  being  fed. 

The  average  carcass  grades  of  the  five  lots  were  indic- 
ative of  the  rations  being  fed.  The  lots  receiving  the 
largest  amounts  of  concentrates  produced  the  highest  grading 
carcasses.  The  carcasses  of  the  heifers  fed  milo  grain  were 
criticized  for  having  a  tendency  to  be  dark  cutters,  lacking 
certain  portions  of  outside  finish,  and  having  a  tendency  to 
be  soft. 

GENERAL  DISCUSSION 

The  results  of  these  experiments  involving  the  physical 
balance  of  rations  for  fattening  beef  cattle  indicate  that 
there  is  an  optimum  concentrate-roughage  ratio  for  the  pro- 
duction of  maximum  gains  and  for  the  production  of  the  most 
economical  fains.   These  experiments  also  indicate  that  the 
length  of  the  feeding  period,  the  quality  of  roughage,  the 
type  of  concentrate,  the  time  of  the  year,  and  previous  treat- 
ments are  important  factors  in  the  promotion  of  gains  by 
beef  cattle. 
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The  first  experiment  showed  quite  clearly  that  the  high 
concentrate-roughage  ratio  of  five  to  one  was  inferior  to 
either  of  the  other  ratios.   The  steers  on  the  three  to  one 
ratio  produced  the  maximum  daily  gains  and  were  followed  by 
the  steers  on  the  one  to  one  ratio.  The  difference  in  daily 
gain  between  Lots  I  and  II  was  .10  pound,  while  the  difference 
between  Lots  II  and  III  was  .13  pound.   The  quality  of  the 
alfalfa  hay  used  in  this  experiment  quite  probably  influenced 
the  gaining  ability  of  the  steers.   It  is  also  reasonable  to 
assume  that  the  inferior  quality  of  the  hay  would  have  a  more 
pronounced  effect  in  Lot  III  since  their  total  hay  consump- 
tion was  less  than  in  the  other  tv/o  lots.  The  vitamin  A 
deficiency  of  Lot  III  became  apparent  after  about  129  days 
of  feeding,  and  there  was  also  a  marked  decrease  in  the  rate 
of  gains  at  this  time. 

During  the  91-day  feeding  trial  in  the  second  experiment, 
the  heifers  on  the  high  concentrate-roughage  ratio  of  five  to 
one  made  the  maximum  and  most  economical  gains.   However,  no 
deficiency  symptoms  were  noted,  and  the  average  daily  feed 
consumption  was  greater  than  in  the  corresponding  lot  of  the 
previous  experiment. 

The  heifers  in  Lot  I  of  the  second  experiment,  receiving 
a  three  to  one  ratio  of  milo  grain  and  hay,  had  a  greater 
average  daily  feed  consumption  than  did  the  corresponding  lot 
in  the  first  experiment.   However,  the  average  daily  gains 
produced  by  these  heifers  were  lower  than  the  corresponding 
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gains  produced  by  steers  in  the  first  experiment.  While  these 
reduced  gains  might  in  part  be  due  to  the  gaining  ability  of 
the  animals  involved,  it  is  quite  probable  that  the  major 
difference  was  due  to  the  hot  weather  encountered  during  the 
second  experiment.  It  might  also  be  assumed  that  the  feed 
consumption  in  the  first  experiment  would  have  been  greater 
if  the  roughage  had  been  of  better  quality. 

A  comparison  of  the  heifers  in  experiment  two  on  a  ration 
of  three  parts  corn  to  one  part  of  hay  versus  the  steers  in 
experiment  one  on  a  ration  of  three  parts  railo  grain  to  one 
part  of  hay  showed  a  slight  increase  in  feed  consumption  in 
the  second  experiment  for  the  corresponding  91  and  S8-day 
feeding  periods.  However,  the  average  daily  gains  in  the 
second  experiment  were  only  1.97  pounds  as  compared  to  the 
corresponding  gains  of  2.49  pounds  in  the  first  experiment. 
As  has  been  stated  previously,  such  factors  as  weather  condi- 
tions and  quality  of  roughage  were  probably  of  major  impor- 
tance in  producing  these  seemingly  erratic  results. 

A  comparison  of  the  milo-fed  heifers  versus  the  corn- 
fed  heifers  in  the  second  experiment  showed  an  increased  feed 
consumption  and  an  increase  in  the  average  daily  gains  for  the 
milo-fed  heifers.  However,  their  carcasses  were  criticized 
in  the  packing  house  for  lacking  the  proper  external  finish 
and  for  lacking  firmness. 

In  the  second  experiment,  a  comparison  of  five  previous 
treatments  was  made  in  relation  to  gaining  ability  when  placed 
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on  a  summer  fattening  ration.  The  heifers  which  had  been 
wintered  on  corn  cobs  produced  the  least  average  daily  and 
total  gains  for  the  feeding  period  involved.  The  heifers 
wintered  on  prairie  hay  showed  the  greatest  average  daily 
and  total  gains.  However,  with  the  exception  of  the  corn 
cob-fed  heifers,  the  differences  in  average  daily  and  total 
gains  were  not  great. 

The  results  of  these  experiments  compared  quite  favorably 
to  the  results  obtained  by  VJeber  (5S)  and  Weber  and  associates 
(59  and  60)  in  previous  years.   However,  it  was  noted  that 
the  highest  concentrate-roughage  ratio  used  in  these  experi- 
ments was  approximately  3  to  1.   The  roughage  used  in  their 
experiments  consisted  of  silage,  containing  varying  amounts 
of  grain. 

Experimental  work  at  Colorado  A  &  M  College  (f>5,  56  and 
57)  showed  that  steers  on  a  3  to  1  ratio  made  the  highest 
daily  gains  in  two  of  three  trials  conducted.   The  steers  on 
a  varying  ratio  were  in  second  place  in  all  experiments  where 
this  ration  was  used.   The  average  daily  gain  of  the  heifers 
on  a  varying  ratio  at  Kansas  State  College  rated  fifth  in 
the  five  lots  used. 

Results  obtained  from  the  experiments  conducted  at  the 
Nebraska  Agricultural  Experiment  Station  (IS,  19,  20,  21 
and  22)  indicated  that  the  optimum  concentrate-roughage  ratio 
for  steers  was  between  3  to  1  and  4  to  1.   The  results 
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reported  in  Experiment  I  of  this  thesis  compared  favorably 
with  these  results. 

SUMMARY 

In  two  experiments,  a  study  was  made  to  determine  the 
optimum  concentrate-roughage  ratio  for  fattening  beef  cattle. 
A  comparison  was  also  made  on  previous  wintering  treatments 
and  the  kind  of  concentrates  used. 

Both  trials  indicated  that  maximum  gains  could  be  obtained 
for  short  feeding  .periods  on  a  high  concentrate-low  roughage 
ratio,  providing  the  roughage  used  was  of  sufficiently  high 
quality.  When  milo  grain  was  used  in  place  of  corn,  the  total 
feed  consumption  increased  with  a  subsequent  increase  in  daily 
gains.  The  increased  gains  produced  a  slightly  higher  average 
carcass  grade,  but  the  quality  of  the  carcass  was  lower  when 
compared  to  the  corn-fed  animals. 

Low  levels  of  poor  quality  alfalfa  hay  in  a  high  concen- 
trate fattening  ration  necessitated  the  addition  of  a  vitamin  A 
supplement  after  about  130  days  of  feeding. 

Previous  wintering  treatments  had  little  effect  on  sub- 
sequent gains  except  where  the  animals  had  been  wintered  on 
an  exceedingly  poor  quality  roughage.   Of  the  five  previous 
treatments  studied,  a  wintering  ration  using  corn  cobs  as  a 
roughage  proved  inferior. 
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CONCLUSIONS 

The  following  conclusions  are  based  on  the  data  obtained 
from  the  preceding  physical  balance  experiments  involving 
30  head  of  beef  type  cattle. 

1.  More  grain  and  less  hay  is  required  per  100  pounds 
of  gain  on  a  high  concentrate-low  roughage  ratio. 

2.  When  milo  grain  is  used  as  the  concentrate,  the 
palatability  of  the  ration  and  the  subsequent 
total  feed  intake  is  increased. 

3.  When  compared  to  corn-fed  animals,  carcass  quality 
is  slightly  reduced  when  milo  grain  is  used  as 

a  concentrate. 

4*  For  high  concentrate-low  roughage  ratios,  a  high 
quality  roughage  is  essential. 

5.  For  short  feeding  periods,  the  optimum  concen- 
trate-roughage ratio  is  five  to  one. 

6.  For  long  feeding  periods,  the  optimum  concentrate- 
roughage  ratio  is  about  three  to  one. 

7.  Previous  treatments  make  little  difference  in 
gaining  ability  unless  the  feed  is  of  exception- 
ally poor  quality. 
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Interest  was  evidenced  quite  early  by  a  number  of  investi- 
gators as  to  the  physiological  effects  on  ruminants  of  rations 
devoid  of  roughage.  Most  of  the  early  experimental  work  indi- 
cated that  while  it  was  possible  to  maintain  ruminants  on  such 
a  ration  for  short  periods  of  time,  it  was  not  practical. 

While  it  was  realized  that  the  quantity  of  feed  consumed 
was  of  primary  importance  in  determining  the  level  of  produc- 
tion, experimental  evidence  indicated  that  there  was  an  opti- 
mum concentrate-roughage  ratio.  The  term  rtphysical  balance" 
has  been  used  to  designate  this  concentrate-roughage  ratio, 
that  is,  its  bulkiness  or  concentration. 

Physical  balance  studies  with  lambs  have  indicated  that 
the  gains  and  efficiency  of  feed  utilization  are  increased  as 
the  concentrate  in  the  ration  is  increased  up  to  40  or  50  per 
cent.  Gains  and  feed  efficiency  were  lowered  when  this  ratio 
was  exceeded. 

Recent  investigations  have  indicated  that  the  optimum  con- 
centrate-roughage ratio  for  fattening  beef  cattle  is  higher 
than  that  required  for  fattening  lambs.   In  two  experiments 
conducted  at  Kansas  State  College,  a  study  was  made  to  deter- 
mine the  optimum  physical  balance  of  a  ration  for  fattening 
beef  cattle.  A  comparison  was  also  made  on  previous  wintering 
treatments  and  the  kind  of  concentrates  used. 

The  first  experiment,  involving  30  head  of  Hereford  steers 
which  were  divided  into  three  lots,  indicated  that  the  optimum 
concentrate-roughage  ratio  was  about  3  to  1  for  a  203-day 


feeding  period.  Milo  and  poor  quality  alfalfa  hay  were  used 
to  make  up  the  three  rations  in  this  experiment.  The  other 
two  ratios  used  were  1  to  1  and  5  to  1. 

In  the  second  experiment,  involving  50  head  of  Hereford 
heifers  which  were  divided  into  five  lots,  four  of  the  rations 
were  composed  of  corn  and  a  mixture  of  alfalfa  and  brome  hay. 
The  fifth  ration  was  composed  of  milo  and  a  mixture  of  alfalfa 
and  brome  hay.   Soybean  pellets  were  used  to  supplement  the 
lots  receiving  large  quantities  of  corn. 

Concentrate-roughage  ratios  of  1:1,  3:1,  5:1,  and  a  ration 
which  changed  from  1:1  to  2:1  to  3:1  to  ^:1  each  23  days  were 
used  in  this  study. 

During  the  91-day  feeding  trial  it  was  observed  that  more 
grain  and  less  hay  was  required  per  100  pounds  of  gain  on  high 
concentrate-roughage  ratios.  When  milo  was  used  as  a  concen- 
trate, the  palatability  of  the  ration  and  the  subsequent  total 
feed  intake  was  increased.  The  use  of  milo  as  a  concentrate 
slightly  reduced  the  quality  of  the  carcasses. 

The  optimum  concentrate-roughage  ratio  for  the  91-day 
period  was  5:1.   Previous  wintering  treatments  made  little  dif- 
ference in  the  gaining  ability  of  the  animals  except  where  a 
poor  quality  roughage  was  used. 


